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Original ArticleRadiographic Evaluation and Clinical Implications of Venous Connections Between Dural
Arteriovenous Fistula of the Cavernous Sinus and Cerebellum and the
Pontomedullary Venous SystemChai Kobkitsuksakul, Pakorn Jiarakongmun, Ekachat Chanthanaphak, Sirintara Pongpech-OBJECTIVE: The types of cortical venous reflux chan-
nels, posterior fossa and pontomesencephalic venous
reflux or their connections with the cavernous sinus (CS)
are inadequately described in the literature. This study
uses angiography, magnetic resonance imaging, and X-ray
computed tomography to clarify the possible route of
cavernous dural arteriovenous fistulae (CVDAVF) that
causes posterior fossa and pontomedullary venous reflux
and documents the clinical presentations associated with
the reflux.
-METHODS: Eighty-six patients with CSDAVF treated at
Ramathibodi Hospital, Bangkok, Thailand, during 2009 to
2013 were studied retrospectively. Sixteen cases with
posterior fossa and pontomedullary venous reflux were
included for analysis.
-RESULTS: Bridging veins serve as an important pathway
for venous reflux from CS to the posterior fossa and
brainstem. The uncal vein directly terminates at the CS and
has several connecting routes, ranging from the inferior
frontal lobes and insula to the posterior fossa through the
basal vein of Rosenthal. The petrosal vein was most
frequently and easily detected angiographically. It plays a
major role in the cerebellar hemispheric venous reflux.
Only 1 patient developed brainstem and cerebellar venous
congestion, which returned to normal after endovascular
treatment.Key words
- Cavernous dural arteriovenous fistulae
- Endovascular
- Hemorrhagic venous infarction
Abbreviations and Acronyms
BVR: Basal vein of Rosenthal
CS: Cavernous sinus
CSDAVF: Cavernous sinus dural arteriovenous fistulae
CT: Computed tomography
MRI: Magnetic resonance imaging
NBCA: N-butyl cyanoacrylate
PV: Petrosal vein
SPS: Superior petrosal sinus
UV: Uncal vein
1112 www.SCIENCEDIRECT.com WORLD NEU-CONCLUSIONS: Connections of CS are not limited to
intercavernous, ophthalmic veins, sphenoparietal sinuses,
and inferior and superior petrosal sinuses. They also occur
with complex venous drainages at the base of the fronto-
temporal lobes, insula, brainstem, and cerebellum.
Knowledge of the venous connection of CS is key to un-
derstanding the possible locations of venous congestion/
hemorrhage and the clinical presentation of patients with
CSDAVF.INTRODUCTIONextbooks state that the cavernous sinus (CS) receives
venous blood from the tributaries of the superior andTinferior ophthalmic veins, the sphenoparietal sinuses, and
the superﬁcial middle cerebral veins. Cavernous venous blood
exits through the superior and inferior petrosal sinuses, as well as
by the skull base emissary veins, mostly the veins of the foramen
ovale that connect with the pterygoid venous plexus. In a high-
gradient pressure environment, speciﬁcally the arteriovenous
shunt, the arterialized veins are able to reverse direction of their
normal inlet and are potentially able to reﬂux into the existing
venous channels. This reversal of direction is difﬁcult to recognize
in most angiographic or imaging studies.
The term bridging vein refers to the vein that links the sub-
arachnoid vein with the dural venous sinus. In the CS, bridgingDivision of Interventional Neuroradiology, Department of Radiology, Ramathibodi Hospital,
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Table 1. Clinical Presentation of Patients With CSDAVF With Pontomedullary and Cerebellar Venous Reflux
Patient
Number
Red Eye &
Proptosis
CN III
Palsy
CN IV
Palsy
CN VI
Palsy
CN
CN VII
Palsy
Subjective
Bruit Hemiparesis
Cerebellar
SignsV1 V2 V3
1 þ   þ     þ  
2 þ þ þ þ þ þ  þ þ þ þ
3 þ          
4 þ   þ     þ  
5         þ  
6 þ        þ  
7 þ        þ  
8 þ          
9 þ þ  þ     þ  
10 þ        þ  
11 þ þ þ þ     þ  
12 þ   þ      þ 
13 na na na na na na na na na na na
14 þ   þ       
15 þ          
16 þ þ þ þ     þ  
þ, presence; , absence; na, not available (the data were lost at the admission to hospital); CN, cranial nerve.
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Table 2. Demographic Data, Computed Tomographic Scan, and Magnetic Resonance Imaging (Treatment Methods and Venous Connection)
PatientNumber Sex Age
Evidence
of VI or
ICH Access Route Treatment Primary Venous Connection Secondary Venous Connection
1 M 59 Not
present
Inferior petrosal
sinus
Transvenous coil Uncal vein, superficial sylvian vein Basal vein of Rosenthal
Bridging vein Transverse pontine vein
2 F 53 VI Inferior petrosal
sinus
Transvenous NBCA Superior petrosal sinus-petrosal vein Cerebellar vein
Bridging vein Anterior medullary vein, spinal vein
3 F 68 Not
present
Inferior petrosal
sinus
Transvenous coil Uncal vein, superficial sylvian vein,
paracavernous sinus
Basal vein of Rosenthal
4 F 61 Not
present
Ophthalmic vein Transvenous NBCA Uncal vein Basal vein of Rosenthal
5 F 68 Not
present
Inferior petrosal
sinus
Transvenous coil Superior petrosal sinus Lateral pontomesencephalic vein, basal vein of Rosenthal
6 F 52 Not
present
Inferior petrosal
sinus
Transvenous coil Superior petrosal sinus -petrosal vein Cerebellar vein
7 F 81 Not
present
Artery Transarterial NBCA Superior petrosal sinus -petrosal vein Cerebellar vein
Bridging vein Anterior pontomesencephalic vein, basal vein of Rosenthal
8 F 67 Not
present
Inferior petrosal
sinus
Transvenous coil Superior petrosal sinus -petrosal vein Cerebellar vein
9 F 45 Not
present
Inferior petrosal
sinus
Transvenous coil Uncal vein, superficial sylvian vein Basal vein of Rosenthal, lateral and anterior pontomesencephalic veins, Anterior
medullary vein, spinal vein
Superior petrosal sinus -petrosal vein Cerebellar vein
10 F 42 Not
present
Inferior petrosal
sinus
Transvenous coil &
NBCA
Uncal vein, superficial sylvian vein Peduncular vein
Bridging vein Anterior pontomesencephalic vein, anterior medullary vein, basal vein of Rosenthal
11 M 62 Not
present
Inferior petrosal
sinus
Transvenous NBCA Uncal vein Basal vein of Rosenthal
12 F 62 ICH Inferior petrosal
sinus
Transvenous coil Superior petrosal sinus-petrosal vein Left cerebellar vein
13 M 52 Not
present
Inferior petrosal
sinus
Transvenous coil Bridging vein, superior petrosal sinus-
petrosal vein
Transverse pontine & lateral pontomesencephalic veins, basal vein of Rosenthal,
cerebellar vein
14 F 61 Not
present
Inferior petrosal
sinus
Transvenous coil Uncal vein Basal vein of Rosenthal
15 M 51 VI Inferior petrosal
sinus
Transvenous coil Uncal vein Basal vein of Rosenthal
16 M 51 ICH Inferior petrosal
sinus
Transvenous coil &
NBCA
Bridging vein Transverse pontine and pontomesencephalic veins, basal vein of Rosenthal
Patient 2, venous congestion at the pons and cerebellum; Patient 12, intracranial hemorrhage at the insula; Patient 15, venous congestion at the left temporopolar; Patient 16, unexplainable hemosiderin deposition at the left high parietal area.
VI, venous congestion or infarction; ICH, intracranial hemorrhage; NBCA, N-butyl cyanoacrylate.
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Figure 1. Venous phase of the vertebral artery angiogram shows tortuous
anterior and lateral pontomesencephalic veins (arrow) connecting with the
basal vein of Rosenthal (double arrows) (A). The same veins as seen in (A)
are visualized by superselective ascending pharyngeal angiogram, showing
venous reflux from the posterior portion of cavernous sinus (CS) (B). Axial
computed tomography angiogram (CTA) shows bridging vein (dashed
arrow) from the posterior CS to the anterior pontomesencephalic vein (C).
Tortuous anterior pontomesencephalic veins in the CTA sagittal view can
also be observed (D).
ORIGINAL ARTICLE
CHAI KOBKITSUKSAKUL ET AL. VENOUS CONNECTIONS BETWEEN CAVERNOUS DURAL AVF AND CEREBELLUM AND THE BRAINSTEMveins mostly refer to veins that traverse the prepontine cistern,
which connects the veins on the anterior surface of the mesen-
cephalon with the posterior portion of the CS (9). They are
responsible for the brainstem and cerebellum venous reﬂux
channel in patients presenting with a cavernous duralWORLD NEUROSURGERY 84 [4]: 1112-1126, OCTOBER 2015arteriovenous shunt. The UV can also be categorized as a
bridging vein and is recognized as the venous anastomotic
channel between the CS and the basal vein of Rosenthal (BVR),
the anastomotic venous circle of the base of the brain (4, 5).
The petrosal vein (PV) is the bridging vein in which thewww.WORLDNEUROSURGERY.org 1115
Figure 2. Normal venous phase of the vertebral angiogram shows
peduncular vein (arrow), anterior and lateral pontomesencephalic veins
(arrowhead), transverse pontine vein (dashed arrow), and lateral
pontomesencephalic vein (curve arrow) (A). Magnetic resonance imaging
sagittal view in a patient with cavernous dural arteriovenous fistulashows
prominent peduncular vein and anterior pontomesencephalic vein (same as
in A) (B). Axial time-of-flight magnetic resonance angiography shows
flow-related enhancement of the peduncular veins (arrow) connecting to
each other (C). Contrasted magnetic resonance angiography shows
bridging vein (arrow) connecting cavernous sinus (CS) to the transverse
pontine vein (D). External carotid angiogram shows venous reflux from CS
to the peduncular vein (arrow) and the anterior and lateral
pontomesencephalic veins (arrowhead) (E, F).
ORIGINAL ARTICLE
CHAI KOBKITSUKSAKUL ET AL. VENOUS CONNECTIONS BETWEEN CAVERNOUS DURAL AVF AND CEREBELLUM AND THE BRAINSTEMcerebellum and the mesencephalon venous blood normally
empties into and subsequently drains into the superior petrosal
sinus (SPS) (9).
Patients with cavernous sinus dural arteriovenous ﬁstulae
(CSDAVF) often present with red eye, proptosis, and secondary
glaucoma. Those with cortical venous reﬂux can also manifest
intracranial hemorrhage and/or venous infarction. Among the
several types of cortical venous reﬂux channel, posterior fossa and
pontomesencephalic venous reﬂux, or their connections with the
CS, are not adequately described in the available literature. The
objective of the present study was to describe the characteristics of
CSDAVF as observed through angiography, magnetic resonance
imaging (MRI), and X-ray computed tomography (CT) scanning
with a view to: 1) clarify the possible route of CSDAVF that causes
posterior fossa and pontomedullary venous reﬂux; and 2) docu-
ment the clinical presentations associated with the reﬂux.1116 www.SCIENCEDIRECT.com WORLD NEUMETHODS
We retrospectively examined the records of 86 patients diag-
nosed with CSDAVF who had been treated in the Division of
Interventional Neuroradiology, Ramathibodi Hospital, Bangkok,
Thailand, between 2009 and 2013. Using the Cognard IIb, Bor-
den II type classiﬁcation (1, 3), 28 patients were identiﬁed as
having cortical reﬂux. Of those, 16 were identiﬁed as having
posterior fossa and pontomedullary venous reﬂux. Two inter-
ventional neuroradiologists (C.K., P.J.) analyzed the clinical
presentations and CT, MRI, and angiographic characteristics in
this group of 16 patients. Our inclusion criterion was the pres-
ence of CSDAVF with venous reﬂux toward the brainstem, spinal
cord, or the cerebellum as detected by MRI or CT scan and
conﬁrmed by angiography. The patients whitout venous reﬂux to
the brainstem, spinal cord, or cerebellum were excluded from
this study.ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.05.074
Figure 3. Magnetic resonance imaging axial view demonstrates bridging
vein connecting the cavernous sinus to transverse pontine vein (arrow)
(A). The angiogram of the same patient shows cavernous dural
arteriovenous fistula with pontomedullary venous reflux through bridging
vein (arrow). Note: peduncular vein (curve arrow), transverse pontine
vein (arrowhead), lateral pontomesencephalic veins (dashed arrow), and
basal vein of Rosenthal (double arrowheads) (B).
ORIGINAL ARTICLE
CHAI KOBKITSUKSAKUL ET AL. VENOUS CONNECTIONS BETWEEN CAVERNOUS DURAL AVF AND CEREBELLUM AND THE BRAINSTEMBecause the present study was limited to the posterior fossa and
the pontomedullary venous reﬂux of the CSDAVF, we did not
consider venous reﬂuxes of CSDAVF to other locations such as
ophthalmic veins and pterygoid venous plexus. In our study we
limited ourselves to the primary veins/sinuses that connect directly
to the CS and are responsible for the posterior fossa reﬂux and
include SPS, bridging vein, UV, and superﬁcial sylvian vein. For
the purposes of this study “secondary venous connection” was
deﬁned as any other vein connecting to the primary vein. Sec-
ondary venous connections consist of BVR, PV, transverse pontine
vein, anterior and lateral pontomesencephalic veins, anterior
medullary vein, anterior spinal vein, and cerebellar hemisphereic
vein. Informed consent for the use of images and hospital records
for research purposes had been obtained from each patient before
starting diagnostic cerebral angiography, MRI, and CT scan im-
aging. Ethical approval for retrospective investigation of the pa-
tient records was obtained from the Ethical Review Board at
Ramathibodi Hospital.WORLD NEUROSURGERY 84 [4]: 1112-1126, OCTOBER 2015RESULTS
The average age of the 16 included patients was 58.4 years. Eleven
patients were women. All but 1 patient (Patient 15) presented with
red eye and proptosis. Subjective bruit was also another common
(10 patients) presenting symptom in the patients (Table 1).
Ophthalmoplegia was the reason for neuroradiological
investigation in 8 patients. Among the 7 cases with cerebellar
venous reﬂux, 4 had absent SPS opaciﬁcation on the venous
phase of vertebral angiogram corresponding to the side of
cerebellar vein reﬂux. In 1 patient it was absent on both sides.
The vertebral angiogram was not performed in 2 cases.
Twelve patients were treated by coiling with the inferior petrosal
sinus approach. Two patients were also treated with transvenous
N-butyl cyanoacrylate (NBCA) embolization, whereas another 2
patients were treated only with transvernous NBCA embolization.
One patient was treated with transarterial NBCA embolization,
whereas another was treated with the facial-superior orbital vein
approach using NBCA embolization (Table 2). Fifteen of the 16
patients showed complete obliteration after immediate or at 3e6
months follow-up. One patient needed a second embolization,
owing to residual superior orbital vein reﬂux.
We observed that the bridging veins serve as an important
pathway for venous reﬂux from the CS to the posterior fossa
and the brainstem. The arterialized blood in the CSDAVF is
able to reﬂux into the pontomesencephalic venous system
through the bridging vein. Downward venous reﬂux toward the
spinal cord veins is also possible (Figures 1e4). The UV directly
terminates at the CS and has several connecting routes, ranging
from the inferior frontal lobes and insula to the posterior fossa
by the BVR (Figure 5). Among these connections, the PV was
the most frequently and easily detected angiographically. It
connects directly with the anterior segment of SPS, which
receives arterialized blood from the posterolateral aspect of
the CS. The PV plays a major role in the cerebellar
hemispheric venous reﬂux (Figure 6). The pictorial summary
of the possible venous connection is shown in the diagram in
Figure 7.
In our series, 2 patients developed intracerebral hemorrhage at
the supratentorial location. Venous reﬂux into the insula veins
accounted for venous hemorrhage at the insula cortex. One pa-
tient had an unexplainable hemosiderin deposition at the high
parietal region in the gradient echo sequences of MRI, but there
was absence of supratentorial venous reﬂux. In 1 patient, who
had brainstem and cerebellar venous congestion, angiography
showed venous reﬂux from the CS to the brainstem and bilateral
cerebellar hemispheres through the PV. In another case, in which
MRI revealed venous congestion at the temporopolar region, a
subsequent angiogram showed retrograde vein reﬂuxes into the
deep middle cerebral vein. In both cases the venous congested
lesions returned to normal after successful embolization
(Figures 8 and 9).www.WORLDNEUROSURGERY.org 1117
Figure 4. The magnetic resonance imaging (MRI) of a patient who has a
cavernous dural arteriovenous fistula (CSDAVF) demonstrates the
connection between the cavernous sinus and the anterior medullary vein
(AMV) (dashed arrow) and subsequently downward to the spinal vein
(arrow) through the bridging vein (arrowhead) (A, B). The MRI of another
patient with a CSDAVF also shows a prominent AMV (arrow) continuing
toward the spinal vein (C, D, E).
1118 www.SCIENCEDIRECT.com WORLD NEUROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.05.074
ORIGINAL ARTICLE
CHAI KOBKITSUKSAKUL ET AL. VENOUS CONNECTIONS BETWEEN CAVERNOUS DURAL AVF AND CEREBELLUM AND THE BRAINSTEM
Figure 5. External carotid angiogram shows an arteriovenous fistulae with
drainage through the uncal vein (arrows in A, B, D, E) in different
projections. Front orbital vein reflux is seen as well as basal vein of
Rosenthal (dashed arrows in B, C, D, E).
ORIGINAL ARTICLE
CHAI KOBKITSUKSAKUL ET AL. VENOUS CONNECTIONS BETWEEN CAVERNOUS DURAL AVF AND CEREBELLUM AND THE BRAINSTEMDISCUSSION
CSDAVF results from abnormal blood ﬂow between dural arteries
of the internal carotid and/or external carotid arteries to the CS.
Clinical symptoms of CSDAVF depend on the location of the
shunt and patterns of the venous drainage (2). Typical drainage
of the shunt into the ophthalmic veins will result in
exophthalmos, chemosis, corkscrew dilated scleral veins,
headache, and ophthalmoplegia. Secondary glaucoma leading
to visual deterioration is one of the major deﬁcits. Cerebellum
and brainstem venous reﬂux are not uncommon, as seen in
our series. However, only 1 patient had brainstem and
cerebellum venous infarction, which returned to normal after
embolization (Figure 9). Similar to the previously publishedWORLD NEUROSURGERY 84 [4]: 1112-1126, OCTOBER 2015reports, venous congestion and/or hemorrhage of the
brainstem were rare (6, 12, 13). With more than 20 years of
neurointerventional experience at our institute, we had 1 patient
with CSDAVF with fatal hemorrhagic venous infarction of the
brainstem and posterior fossa (Figure 10). Patients whose clinical
symptoms and MRI depict signs of venous congestion are in
need of prompt treatment.
Our observations suggest that very good clinical outcomes can be
expected with prompt management of these patients (Figure 9).
Connections of the CS are not limited to intercavernous,
ophthalmic veins, sphenoparietal sinuses, inferior petrosal sinus,
and SPS, but also occur with the complex venous drainages at the
base of the frontotemporal lobes, insula, brainstem, andwww.WORLDNEUROSURGERY.org 1119
Figure 6. Time-of-flight magnetic resonance angiography shows
flow-related enhancement in cavernous sinus (CS), anterior segment of
superior petrosal sinus (SPS), and the left petrosal vein (arrow) (A).
Angiogram reveals a cavernous dural arteriovenous fistula (CSDAVF) with
venous reflux through the short anterior segment of the SPSs, which
subsequently leads into bilateral petrosal veins (arrow) and cerebellar veins
(dashed arrow) (B). Angiogram water view shows petrosal vein (dashed
arrow) and cerebellar veins (arrow). The lateral CS with its drainage
(arrowhead) through the left transverse-sigmoid junction mimicking the
course of the SPS is noted. This is the variation of the lateral CS drainage
pattern (C). The true SPS (double arrowheads) is in the other patient with
CSDAVF showing a small right petrosal vein as a bridge connecting the
CS-anterior segment of the SPS to the posterior segment the SPS (D).
ORIGINAL ARTICLE
CHAI KOBKITSUKSAKUL ET AL. VENOUS CONNECTIONS BETWEEN CAVERNOUS DURAL AVF AND CEREBELLUM AND THE BRAINSTEMcerebellum. Furthermore, these veins are small and have many
variations in terms of architecture. Their communication is
difﬁcult to study and has received less attention in radiologic and
even in interventional neuroradiology literature. Kiyosue et al. (8)
intensively studied the pontomedullary venous system variations.1120 www.SCIENCEDIRECT.com WORLD NEUTheir excellent study demonstrated the existence of bridging
veins acting as a mean of communication between the posterior
CS and the pontomedullary veins by the so-called bridging vein.
The bridging veins are small, as seen either in MRI or angiogram,
often overlap with other veins, and could be missed by radiologistsROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.05.074
Figure 7. This image is a simplification of the connection of veins around the cavernous sinus, brainstem, and
cerebellum. The venous reflux through the uncal vein can congest frontal, temporal, and insula areas, including the
brainstem by its connection with the anastomotic venous circle of the base of the brain and the basal vein of
Rosenthal. The bridging vein can connect directly with the venous system around the brainstem. The petrosal vein is a
so-called bridging vein connecting the cerebellum and also the brainstem. Legends: 1. Anterior cerebral vein; 2.
Anterior communicating vein; 3. Anterior medullary vein; 4. Anterior pontomesencephalic vein; 5. Anterior spinal vein;
6. Basal vein of Rosenthal, anterior segment; 7. Basal vein of Rosenthal, middle-posterior segments; 8. Bridging vein;
9. Cavernous sinus; 10. Deep middle cerebral vein; 11. Internal cerebral vein; 12. Interpeduncular vein; 13. Lateral
pontomesencephalic vein; 14. Peduncular vein; 15. Petrosal vein; 16. Sigmoid sinus; 17. Sphenoparietal sinus; 18.
Straight sinus; 19. Superior ophthalmic vein; 20. Superior petrosal sinus; 21. Transverse pontine vein; 22. Transverse
sinus; 23. Uncal vein; 24. Vein to cerebellum.
ORIGINAL ARTICLE
CHAI KOBKITSUKSAKUL ET AL. VENOUS CONNECTIONS BETWEEN CAVERNOUS DURAL AVF AND CEREBELLUM AND THE BRAINSTEMand interventionists. The bridging veins connecting the brainstem
can lead to major deﬁcit. Takahashi et al. (12) and Ushio et al. (13)
demonstrated 3 patients with CSDAVF with brainstem congestion.
One of the 3 cases had presented with lower cranial nerve palsy,
cerebellar ataxia, and pyramidal tract signs.
In cases of cerebellar venous reﬂux, we found that the ipsilateral
SPS were not opaciﬁed (Figure 11). This phenomenon can possibly
be explained based on 4 reasons. First, CSDAVF occurs in patients
who have discontinuity and hypoplasia/dysplasia of the SPS itself.
Second, the SPS is patent, but it is not opaciﬁed owing to the
hyperpressure of the posterior fossa. This can be proved by
examining the vertebral angiogram after complete obliteration ofWORLD NEUROSURGERY 84 [4]: 1112-1126, OCTOBER 2015the shunt. Third, the pathomechanism of CSDAVF has been
proposed to be venous thrombosis; hence, the SPS could also be
affected. Fourth, there is a high ﬂow vasculopathy leading to
stenosis of the venous drainage with subsequent occlusion (11).
The risk of cerebellar-pontomedullar venous reﬂux is much
higher among patients with hypoplasia of the posterior segment of
the SPS compared with the case in which the whole SPS is patent. In
our series, short anterior segment of SPSs were identiﬁed, which
subsequently drained into PVs and cerebellar veins in all patients.
No posterior segment of SPS was detected on the reﬂux side.
The UV can terminate at the CS or, in other variations, it can
connect with the superﬁcial middle cerebral vein,www.WORLDNEUROSURGERY.org 1121
Figure 8. The pre-embolized magnetic resonance imaging shows left eye
proptosis on the hypersignal T2W of the left temporopolar region (A), which
returns to normal state after embolization (B). Angiogram reveals
cavernous arteriovenous shunt with reflux toward the deep middle cerebral
vein (C).
ORIGINAL ARTICLE
CHAI KOBKITSUKSAKUL ET AL. VENOUS CONNECTIONS BETWEEN CAVERNOUS DURAL AVF AND CEREBELLUM AND THE BRAINSTEMlaterocavernous sinus or paracavernous sinus (5). The CS drains
into the UV and BVR seems to be the complex connection of the
reﬂux of CSDAVF from anterior to posterior. Normally, it courses
posteriorly between midbrain and temporal lobe before emptying
into the vein of Galen. In adults, the BVR is divided into three
segments (14). These segments may not fully develop or may
fail to anastomose with each other, resulting in various venous
drainage patterns of the BVR—persistent embryonic tentorial
sinus and fragmentation of BVR. JI Chung and YC Weon (2)
described the variations of the BVR according to the
alterations of efferent pathways by categorizing it into four
groups: (i) telencephalic group; (ii) diencephalic group; (iii)
tegmental bridging group of the longitudinal
lateromesencephalic vein; and (iv) tectal group of the superior
vermian vein. With these models, the telencephalic group,
describes the potential pathway of CSDAVF reﬂux into BVR via
the UV. One of our cases showed an uncommon pathway of
BVR venous reﬂux via the SPS to lateral pontomesencephalic
vein, which is classiﬁed as group 3, or tegmental bridging1122 www.SCIENCEDIRECT.com WORLD NEUgroup to be more precise, of the longitudinal
lateromesencephalic vein (2).
In addition, this UV route of CSDAVF reﬂux results in frontal
base and caudostriatum venous congestion and/or hemorrhage
through the anterior cerebral vein, inferior frontal vein, deep
middle cerebral vein, and inferior striate veins, as well as crossing
to the contralateral side by anastomotic channel of the venous
circle of the base of the brain (2, 4, 5, 10, 11).CONCLUSION
The knowledge of the venous connection of the CS is key to
understanding the possible locations of venous congestion/
hemorrhage and the clinical presentation in patients with
CSDAVF. It is also critical for the interventionist in terms of the
recognizing the symptoms presented and the treatment
approach. Incomplete embolization of these channels or inad-
vertent opening of these channels during treatment can poten-
tially adversely affect the patient (7, 8). Knowledge of theROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.05.074
Figure 9. Magnetic resonance imaging (MRI) shows enlarged right
ophthalmic vein, engorged right orbit, and proptosis. There are hypersignal
T2W changes and swelling of the pons bilateral cerebellar peduncles,
which represents venous congestion (A). The magnetic resonance
angiography shows arterialized cavernous sinus and enlarged right
facial-superior orbital vein (arrowhead in B), as well as dilated and tortuous
pontomesencephalic vein and spinal vein (arrows in B, C). The follow-up
MRI of the brain after embolization shows that the brain parenchyma
returns to normal, corresponding to the clinical symptoms. Note the mild
proptosis of the right eye (D).
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Figure 10. Magnetic resonance angiography shows enlarged ophthalmic
and facial veins (arrow in A), arterialized cavernous sinus (dashed arrow in
A), and prominent size of petrosal veins (circle in A). In the contrast
magnetic resonance angiogram of the brain, there are multiple corkscrew
veins in the bilateral cerebellum in B. The patient developed deterioration of
consciousness within a few days and the computed tomography scan in
C and D reveals hemorrhagic venous infarction of the brainstem and the
cerebellum. The patient passed away due to brainstem hemorrhage and
brain herniation.
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Figure 11. Vertebral angiogram in the venous phase with left cerebellar
venous reflux through the left petrosal vein. Note that the left superior
petrosal sinus (SPS) is not opacified but the right SPSs are opacified
(arrows in AeC). The nonposterior fossa venous reflux of the patient with a
cavernous dural arteriovenous fistula shows opacification of the bilateral
SPS (arrow) (D).
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not only important for the diagnostic radiologist in term of
recognition of the presence of vascular abnormality, but it is also
important for the interventionist to be aware of endovascular
venous complications, although it may not change the paradigm
of the arteriovenous shunt treatment. In our opinion the widely
used term cortical venous reﬂux, with respect to the veins sur-
rounding brainstem, may have to be modiﬁed and reﬁned for the
sake of more precise communication and understandable
terminology.
The limited number of patients with posterior fossa reﬂux
among all patients with CSDAVF in our database was a limitingWORLD NEUROSURGERY 84 [4]: 1112-1126, OCTOBER 2015factor. Spatial resolution of radiologic instruments was limited in
evaluating the normal venous anatomy. It is possible that many of
the small veins were too small to be identiﬁed with MRI, CT scan,
or angiogram.ACKNOWLEDGMENTS
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